Biosurfactants have a number of industrial applications due their diverse properties, such as emulsification, foaming, wetting, and surface activity. The aim of the present study was to produce a biosurfactant from Candida utilis and employ it in the formulation of a mayonnaise. The biosurfactant was produced in a mineral medium supplemented with glucose and canola waste frying oil at 150 rpm for 88 h. The product was biologically tested on rats and in different formulations of mayonnaise, which were submitted to microbiological evaluations. The biosurfactant was added to the diet of the rats for 21 days. Greater consumption was found of the experimental diet. Moreover, no changes were found in the liver or kidneys of the animals, demonstrating the absence of a toxic effect from the biosurfactant. Six different formulations of mayonnaise were prepared and tested regarding stability with the addition of carboxymethyl cellulose and guar gum (combined and isolated) after 30 days of refrigeration. The most stable formulation with the best quality was obtained with combination of guar gum and the isolated biosurfactant, with an absence of pathogenic microorganisms. In conclusion, the potential and innocuousness of the biosurfactant isolated from C. utilis indicates its safe use in food emulsions.
Introduction
Due to their physicochemical properties, microbial surfaceactive compounds are attractive for use in a wide variety of industrial and biotechnological applications as additives in foods, cosmetics, and detergent formulations [1, 2] . Surfactants have been used in the food industry for centuries. The most useful property of these compounds is their ability to form stable emulsions, which improves the texture and creaminess of dairy products. Biosurfactants are also used to prolong the shelf life of products, solubilize vegetable oils, improve organoleptic properties in bakery and ice cream formulations and stabilize fats during the cooking process [3, 4] .
Naturally occurring surfactants, such a lecithin from egg yolk and various proteins from milk, are used in the preparation of food products, such as mayonnaise, salad dressing, and deserts. More recently, synthetic surfactants, such sorbitan esters and their ethoxylates and sucrose esters, have been used in food emulsions.
Hence, the understanding of the formation, structure and properties of emulsions is essential to the stabilization of components in food products [5] . Campos et al. [6] recently published a review of the literature on the application of biosurfactants in the food industry due to their emulsifying properties, which contribute to consistency and texture, the solubilization of aromas and the stabilization of aerated systems.
A number of studies have reported food formulations involving gelled emulsions [7] , dispersions [8] , nanoemulsions [9] , and emulsions in products such as mayonnaise and salad dressing. Emulsions have been developed with the inclusion of natural components, such as raw lentil powder [10] , oatmeal flour [11] , blends of gum arabic or propylene glycol alginate in admixture with xanthan [12] , inulin [13, 14] , locust bean gum [15] , and konjac glucomannan [16] . Emulsions also contribute to food preservation [17] and stability [18, 19] .
Due to the increasing use of surfactants, the identification of compounds with low toxicity and satisfactory surface activity properties is of considerable interest. Thus, the aim of the present study was to apply the biosurfactant produced from Candida utilis as a safe bioemulsifier in the formulation of a mayonnaise.
Materials and methods

Microorganism
C. utilis (UFPEDA 1009) was obtained from the culture collection of the Department of Antibiotics of the Universidade Federal de Pernambuco, Brazil. The microorganism was maintained at 5 • C on yeast mold agar slants containing (w/v) yeast extract (0.3%), malt extract (0.3%), tryptone (0.5%), d-glucose (1.0%), and agar (2.0%). Transfers were made to fresh agar slants each month to maintain viability.
Substrates for biosurfactant production
All chemicals were of reagent grade. Canola waste frying oil and soybean frying oil were obtained from a local restaurant in the city of Recife (state of Pernambuco, Brazil), stored according to supplier's recommendations and used without any further processing.
Growth conditions
The microorganism inoculum was prepared by transferring cells grown on a slant to 50 ml of yeast mold broth. The seed culture was incubated at 28 • C and 200 rpm for 24 h. Slants of yeast grown in yeast mold broth were added to Erlenmeyer flasks with 100 ml of mineral media containing 0.1% NH 4 NO 3 , 0.01% KH 2 PO 4 , 0.5% MgSO 4 ·7H 2 O, 0.01% FeCl 3, 0.01% NaCl, 0.3% yeast extract, 6% glucose and 6% (w/v) canola waste frying oil as the carbon source [20] . The medium was sterilized by autoclaving at 121 • C for 20 min. The final pH of the medium was 5.7 and the surface tension prior to inoculation was 50 mN/m. The inoculum (1%, v/v) was added to the cooled medium at the amount of 10 8 cells/ml. Fermentation was carried out in Erlenmeyer flasks at 28 • C and 150 rpm for 88 h. Samples were withdrawn at regular intervals for analysis. All assays were carried out in triplicate and did not vary more than 5%.
Biosurfactant isolation
The broth after fermentation was initially filtered through a millipore membrane (0.45 m) for the removal of the cells and then submitted to the extraction process described by Cameron et al. [21] . Three volumes of 95% ethanol containing 1% (v/v) acetic acid were added to the supernatant. The solution was cooled at 4 • C for 16 h and the precipitate was collected by centrifugation (10,000 × g). The crude biosurfactant was dried and stored at room temperature.
Biological characterization of biosurfactant
Biological analyses of the consumption of the isolated product were conducted to determine whether the biosurfactant was innocuous. Twenty-four juvenile Wistar rats (Rattus norvegicus) (mean age: 60 ± 2 days) were maintained in individual cages and distributed into two groups of 12 animals each (6 males and 6 females). The experimental group received a casein diet with the biosurfactant and the control group received the same diet without the biosurfactant. The diets were administered for 21 days. The macronutrient and micronutrient contents of the diets in both groups were calculated and balanced following the guidelines of the American Institute of Nutrition AIN (1993) [22] . The diets were prepared weekly in a laboratory. Twenty-five grams of ration were offered daily to each group in an amount capable of ensuring consumption ad libitum. Diet intake was quantified using the following equation: Guar gum + biosurfactant isolated from C.utilis 6
Biosurfactant isolated from C.utilis in which C = weekly consumption of diet (g), DO = diet offered (g), CR = clean reject (g) and DR = dirty reject (g).
Body mass gain was measured weekly between 7 and 9 am using a digital electronic scale (Tecnal) with a 4-Kg capacity to plot the weight curve. The animals were weighed at the onset of the experiment and after each week for the determination of the feeding efficiency coefficient (FEC) using the equation proposed by Campbell [23] :
in which WW = weekly body weight, IW = initial weight and TF = total amount of food ingested weekly.
Euthanasia was performed on Day 21. The animals were anesthetized with a combination of ketamine and xylazine (p.c. 0.1 ml/g; volume 50 ml + 20 mg/body weight) through an intramuscular injection. After the verification of anesthesia, the kidneys and livers were collected and weight. The experimental protocol received approval from the Ethics Committee on Animal Experimentation of the Federal University of Pernambuco, Brazil (process n • 23076.039279/2012-85).
Application of biosurfactant as food additive
The emulsifying property of the biosurfactant was tested in a mayonnaise with the following composition: 40% sunflower oil (Bunge), 40.3% water, 10% vinegar (commercially purchased), 4% egg powder (Naturovos LTDA, Brazil), 2% sugar, 2% salt, 1% mustard powder (all commercially purchased), and 0.5% instant starch (Unilever LTDA, Brazil). The biosurfactant isolated from C. utilis was used at a concentration of 0.7% with the addition of 0.2% guar gum and 0.2% carboxymethyl cellulose (Cromato Produtos Quími-cos LTDA, Brazil) in the formulation of six different mayonnaises ( Table 1 ). The ingredients were mixed in a blender for one minute at room temperature. The mayonnaises were stored at 4 • C for one month for the visual inspection of appearance [24] and evaluated weekly regarding the stability of the emulsion.
Statistical analysis
The results were expressed as mean and standard error of the mean (SEM). Data analysis was performed with the aid of the Sigma Stat 3.5 software program. The Student's t-test was used for the comparisons, with p-values ≤ 0.05 considered statistically significant. Table 2 displays the composition of the diets offered to the two groups. It was necessary to calculate the proportion of the replacement of soybean oil with the biosurfactant, as the isolated biosurfactant is made up of 65.88% lipids and has a total caloric value of 646.88 Kcal/100 g. Thus, 6.07 g of isolated biosurfactant were needed for the replacement of 4.0 g of soybean oil in the experimental group. Body mass gain of the animals was calculated by measuring food intake and calculating the FEC for each sex separately (Table 3) .
Results
Biological characterization of biosurfactant
A significant difference in body mass gain was found between the females in the experimental and control groups (p < 0.05), whereas no significant difference was found between the males. Moreover, no significant differences between groups were found regarding food intake, FEC, relative mass of the liver or relative mass of the kidneys. From the data in Table 3 , one may infer that the animals in the experimental group consumed a mean of 17 g of biosurfactant by the end of the experiment. Fig. 1 displays the different formulations of mayonnaise and their behavior throughout the four-week evaluation. In the second week, Formulation 6 exhibited aqueous separation at the base of the recipient, which was more evident at the end of the experiment. Moreover, all formulations, except Formulation 5, underwent some degree of destabilization, as evident by the accumulation of liquid. Fig. 2 shows the most stable (Formulation 5) and least stable (Formulation 6) mayonnaises. Upon opening the recipients at the end of the experiment, Formulations 1, 2, and 3 exhibited a fluid consistency, whereas Formulation 5 exhibited a creamy, uniform, stable consistency.
Application of biosurfactant as food additive
Discussion
Biological evaluation of biosurfactant
Prior to the authorization of a food additive for use, it must undergo an adequate toxicological evaluation, taking into account any cumulative, synergic, and protective effects stemming from its use. Certain tests, such as an acute toxicity test and allergy tests, are needed to determine the effects of a given compound. A potential food component that is acutely toxic to a considerable extent obviously cannot be used. Thus, it is necessary to determine the LD50, which is an acute dose that is lethal to half of the exposed animals. (Range-finding studies (e.g., a one-week multiple dose feeding study in rats) are necessary to ensure that the ingredient proposed for use in food has an adequately low degree of acute toxicity [5] ).
In the present study, oral dosages of the purified biosurfactant were administered to the rats in the experimental group incorporated into the ration. The animals were continuously and carefully observed for one month with regard to changes in weight, food intake, and excretion as well as signs of physical illness and changes in sensory aspects and normal activities. All aspects were recorded as normal in both the experimental and control groups and no observable, measurable ill effects or deaths occurred during the experiment. Based on food intake, each animal in the experimental group consumed approximately 0.6 g of biosurfactant per day, which is equivalent to 3600 mg/kg of initial body mass. Thus, the acute oral LD50 (lethal dose) of the purified biosurfactant is >3600 mg/kg of body mass. In a previous study with rats, Saravanakumari and Mani [25] administered subcutaneous doses of purified biosurfactants and determined the acute, oral LD50 to be >5000 mg/kg of body weight. The animals were observed for two months with no signs of toxicity, demonstrating that the biosurfactants could be considered safe for oral applications.
With regard to allergy, some food additives may cause intolerance reactions in certain individuals with symptoms similar to genuine allergic reactions. Thus, there is a need to study these end points in the testing of food ingredients. However, there is no animal model or in vitro test system currently available that unequivocally reveals intolerance. For food components, long-term studies may not always be necessary. In the guidelines of the Scientific Committee for Food of the European Union, a decision point approach is recommended [5] . In the present study, no allergic phenomena were found in either group, such as reddening, inflammation, and irritation in the tail region. Moreover, no deaths occurred during the toxicity testing.
Food ingredients may be additives after receiving approval from the US Food and Drug Administration (FDA) for specific uses or when having the status of "generally recognized as safe" (GRAS). A substance may be GRAS if its general recognition of safety is based on the views of qualified experts [5] . C. utilis is on the list of the Code of Federal Regulations, which derives partially from FDA regulations, with Title 21 (21CFR- §172.590), which includes approved food additives, substances with confirmed GRAS status and substances that the FDA has listed as GRAS based on a history of safe use in foods. Moreover, microorganisms and microbial-derived ingredients may be the subject of a GRAS notice [26] .
The safety of Yarrowia lipolytica and Candida tropicalis has been extensively tested since the 1960s. Acute (3-6 weeks), subchronic (90 days), and chronic (1.5-2 years) toxicity has been assessed mainly using rats and mice, although guppies, chickens, and quail have been used from time to time. Dried biomass of Y. lipolytica (and C. tropicalis in parallel studies) grown on pure n-paraffin was fed at dietary levels of 10%, 20% or 30% to groups of 30 male and 30 female rats in a two-year study and to groups of 10 male and 20 female rats in a reproduction study over three generations. Each study included two control groups-one on feed similar to the yeast diet, but with soybean meal substituting the yeast, and the other on the institute's stock diet. In the two-year study, the yeast had no adverse effect on mortality, rate of body mass gain, hematology, urine composition or kidney function. In a 90-day study on rats from the third generation, no changes attributable to the yeast were apparent for any of the parameters investigated. It was concluded that the yeast did not exert any harmful effect on rats at dietary levels up to 30% for two years and over three generations. In the CIVO studies, about 50,000 test animals were used and no adverse effects were found [27] .
However, few studies are found regarding the use of biosurfactants tested on rats. Most biological tests of biosurfactants are carried out for the potential use of these compounds in the pharmaceutical, biomedical, and medical fields [28, 29] and are conducted in vitro [30] . However, the literature describes the nutritional and toxicological effects on laboratory animals of genetically modified foods [31] , new food products [32] or isolated components of foods [33] .
In the present study, the biosurfactant was produced using waste canola frying oil as the carbon source. The isolated product exhibited a high lipid content and clear aroma of fried food. The experimental diet was consumed in a similar amount to that in the control group, with substantial body mass gain in both males and females (Table 3) . Tong et al. [34] also report no significant differences in food intake and body mass gain among male rats (n = 27) that consumed experimental diets with the addition of 7% oat oil and rice bran oil in place of soybean oil (control). Ohara et al. [35] tested the replacement of the lipid in a standard diet with an experimental diet containing 10% (w/v) canola oil and found that the experimental diet had 20% more total calories in comparison to the control. This did not occur in the present study, as the total calories were similar in the experimental and control diets. Poudyal et al. [36] found no significant differences in food intake between control and experimental groups for rations with the addition of macadamia oil, safflower oil, and flaxseed oil.
No statistically significant differences between the control and experimental groups were found regarding the mass of the liver or kidneys in either males or females (Table 3) . These findings are in agreement with data described by Qi et al. [33] , who tested the subchronic toxicity of a polysaccharide (ulvan) extracted from green algae, which is used as a food source in many parts of the world. The relative mass of the liver was 2.42 to 2.78 g/100 g of body mass in males and 2.59 to 3.76 g/100 g of body mass in females. Moreover, the kidneys were smaller in males than in females (0.56 to 0.59 g/100 g of body mass and 0.66 to 0.84 g/100 g of body mass, respectively). The authors suggest that high doses of ulvan may cause liver damage in females. In the present study, both the liver and kidneys were smaller in females than in males, which is in agreement with data described in previous studies [37] .
Application of biosurfactant as food additive in mayonnaise formulations
According to the Brazilian Health Surveillance Agency [38] , mayonnaise is a creamy product in the form of a stable oil-in-water emulsion made from vegetable oil(s), water, and eggs, with the possible addition of other ingredients that do not alter the basic constitution of the product. The addition of food dyes is prohibited and 0.5% is the maximum permitted amount of starch. Emulsions are colloids, which are heterogeneous blends composed of miniscule particles suspended in an immiscible material.
An emulsifier is a substance that allows the formation or maintenance of a uniform blend of two or more immiscible phases in a food product [39] . In other words, an emulsifier is an amphipathic agent that alters the properties of foods so that they can be blended in the form of an emulsion. An emulsifier has molecules with one polar extremity that is attracted to water and another polar extremity attracted to oil. Thus, by definition, the biosurfactant produced in the present study acts as an emulsifier. Biosurfactants can either stabilize (emulsifiers) or destabilize (de-emulsifiers) an emulsion. High molecular mass biosurfactants are generally better emulsifiers than low molecular mass biosurfactants [40] . The present biosurfactant has a high molecular weight (data not shown).
Brazilian regulatory norm n • 372 [41] , which stipulates that the use of additives should be limited to specific foods under specific conditions at the lowest possible concentration to achieve the desired effect [39] , allows the use of additives with a stabilizing function in mayonnaise (Table 4 ).
There is no defined limit for the addition of a biosurfactant as a food additive. As a concentration of 0.7% (w/v) was used in the mayonnaise formulations, the consumption of a soup spoon (15 g) by an adolescent weighing 50 kg would be equivalent to 0.10 g of biosurfactant, which would correspond to 2 mg/kg of body weight. This is a far lower dose in comparison to that administered to the laboratory animals (3600 mg/kg), which offered no acute risk to the group studied.
For food additives, the Joint Expert Committee on Food Additives formed by the US Food and Agriculture Organization and the World Health Organization decided long ago that an acceptable daily intake (ADI) should be established that would provide "an adequate margin of safety to reduce to a minimum any hazard to health in all groups of consumers." The threshold dose for the most critical effect in a test is the highest exposure level without adverse (toxicologically important) effects, which is denominated the "no observed adverse effect level" (NOAEL). Risk assessment is carried out by determining the NOAEL, which is the highest dose in the most sensitive animal species that causes no toxic effects. The NOAEL is then divided by a safety factor to set an ADI level. The ADI is an estimate of the amount of a food additive expressed on the basis of body weight that can be ingested daily over a lifetime with no appreciable health risk. Safety factors are used to set an ADI that provides an adequate safety margin for the consumer by assuming that a human is tenfold more sensitive than the test animal. A food additive is considered safe for its intended use if the human intake figure is less than or equivalent to the ADI. The ADI is usually derived from the results of lifetime studies in animals and therefore relates to lifetime use in humans. This provides a sufficient safety margin so that there is no particular concern if a human is exposed to levels higher than the ADI for short periods provided that the average intake over longer periods does not exceed it [5] .
Commercial-scale biosurfactant production has already been undertaken in the USA, particularly for rhamnolipids, at a company producing food additives (Jeneil Biotech, Milwaukee, USA; www.jenielbiotech.com), with no reported problems. Other biosurfactants, which are produced by yeasts, do not have pathogen issues and the commercial-scale production of sophorolipids is also already underway in Asia [1] .
Soybean oil and sunflower oil are among the most commonly used vegetable oils in the production of mayonnaise. Other types have also been used in this product, such as palm oil [42] . An egg yolk is a natural emulsion of oil in water in combination with proteins, lecithins, and other phospholipids. As an emulsion, the yolk forms the nucleus in which the mayonnaise emulsion is made, affecting the viscosity and strength of the final emulsion.
Mustard powder is among the ingredients in the formulation of mayonnaise. The seeds of white or yellow mustard (Brassica alba) contain special compounds denominated glucosinolates, which characterize the flavor of mustard products. Glucosinolates are degraded into isothiocyanates by the enzymatic action of plantspecific myrosinase or intestinal flora in the body to yield allyl isothiocyanate, which has shown remarkable results in inhibiting the growth of food-borne pathogens and cancer cells [43, 44] . Mustard powder has functional properties, such as emulsifying, stabilizing, agglutinating, conserving, and antioxidant actions. In products such as mayonnaise and salad dressing, mustard powder is used at concentrations of 0.2-0.4% of the total as an additional emulsifier and stabilizer and confers aroma to the product. As a stabilizer, the fine mustard particles accumulate on the oil/water interface, forming a physical barrier against the breakdown of the emulsion (www.portalsaofrancisco.com.br). As a conservative, the bioactivities of glucosinolates exhibit antifungal, antibacterial, and antioxidant functions [45] due to the presence of sinigrin, sinalbin, allyl isothiocyanate, and benzyl isothiocyanate [46] . Other condiments, such as ginger powder, have been added to mayonnaise to extend the shelf life to a long as 20 weeks [47] .
The addition of vinegar in mayonnaise reduces the pH of the medium, thereby inhibiting the growth of pathogenic microorganisms, as reported by Shen et al. [48] in the control of the growth of Listeria monocytogenes in salads. The pH of a mayonnaise formulated by Kishk and Elsheshetawy [47] lowered from 4.3 to 3.5 after four weeks. Likewise, the use of gums, such as gum arabic, can affect the growth and in situ production of bacteriocin-like inhibitory substances from Lactobacillus curvatus/sakei ACU-1, Listeria innocua ATCC 33.090 and Staphylococcus aureus FBUNT [17] . Besides their antimicrobial properties, starches, and non-starch hydrocolloids or gums are often used as texturizers in the food industry as well as to stabilize emulsions (Table 4 ). In the present study, both guar gum and carboxymethyl cellulose were tested at concentrations of 0.2% as stabilizers in the formulations of mayonnaise. The most stable mayonnaise (Formulation 5) was made with a combination of guar gum and the biosurfactant (Figs. 1 and 2 ) due to the stabilizing capacity of the former and the emulsifying action of the latter. In contrast, Formulation 6 had no stabilizing agent and a clear segregation of the two phases occurred. In relatively stable emulsions, the separation of a layer (oil in the case of mayonnaise) has also been reported in alginate emulsions after 30 days of evaluation [7] . In contrast, the brewer's yeast ␤-glucan was found to stabilize an emulsion for 91 days at 4 to 6 • C and can be used to replace fat in mayonnaise [49] .
Alimi et al., [13] tested inulin between 0 and 10% (w/v) and achieved the best results at a concentration of 5% (w/v). The use of 0-1% (w/v) locust bean gum offers important information regarding the influence of hydrocolloids on the properties of multicomponent model emulsions [15] . Guar and xanthan gum can affect the rheological properties of starch, which is also used in mayonnaise, inducing indirect effects by better preserving the granular structure [18] . Paraskevopoulou et al. [12] found that polysaccharides (gum arabic and propylene glycol alginate) were able to increase the viscosity of the product. A micrometer-scale konjac gel not surpassing 30% has demonstrated good potential for use as a fat analog in mayonnaise [16] .
The most complex colloids and emulsions are found in food and food products, which are difficult to stabilize due to the large number of microstructures made up of combinations of proteins, carbohydrates, and lipids. The nearly infinite number of combinations are organized and arranged in very complex internal microstructures with various types of assemblies, such as dispersions, emulsions, foams, gels, etc. [5] . As mentioned above, the addition of the biosurfactant alone (Formulation 6) was not capable of maintaining the emulsion for 30 days. Sophorolipids from T. bombicola have been shown to reduce surface and interfacial tensions, but are not good emulsifiers [50] . In contrast, liposan does not reduce surface tension, but has been successfully used to emulsify edible oils [51] . Polymeric surfactants offer additional advantages, as they coat droplets of oil to form stable emulsions [40] .
Unlike the present study, the few papers in the literature reporting the application of a biosurfactant in the formulation of new food products only offer inferences regarding probable use. In a pioneering study similar to the present investigation, Shepherd et al. [52] successfully used an extracellular carbohydrate-rich compound from C. utilis as an emulsifying agent in salad dressing formulations. The literature also describes other biosurfactants produced by yeasts with emulsifying properties [21, 24, 51, [53] [54] [55] [56] .
Conclusion
Based on the present findings, the biosurfactant produced by C. utilis in a medium containing waste canola frying oil demonstrated innocuousness in acute toxicity tests and can therefore, be used in small concentrations in mayonnaise formulations. The best stabilizer was guar gum. In combination with the biosurfactant, these two substances conferred stability to the emulsion for a period of 30 days. Thus, the biosurfactant produced by C. utilis could be produced and used on an industrial scale as a promising new ingredient in the food industry.
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